. The obtained results indicate that in these pedo-climatic conditions reduction of intensity soil tillage represented a very suitable alternative in case of growing spring barley a er sugar beet as compared with the conventional method of tillage by ploughing to the depth of 0.22 m.
INTRODUCTION
In recent years, some positive changes were observed in the topic of tillage; these are associated with an increased interest in sustainable agriculture and consequences of a long-term use technologies of tillage on the soil. There is a number of modifi ed tillage methods that are determined by growing conditions existing in a given locality as well as by diff erent crop rotations. Barley reacts sensitively on soil compaction. It is necessary to reduce the number of movements of tractors and agricultural machinery on the fi eld. Good physical and structural conditions of soil as well as a good aeration and availability of soil nutrients are preconditions for good growth and high yields of crops (Suškevič, 1994; Arshad, 1999; Hůla, Procházková et al., 2008; Hůla et al., 2010) .
Barley (Hordeum vulgare L.) is an important cereal crop, ranking fourth in the world in terms of planted area a er only wheat, rice and maize. Barley production is o en infl uenced by abiotic stress caused, for example, by salinity, drought, frost or waterlogging. (Xiao et al., 2007) . Drought, the result of low precipitation or high temperature, is thus one of the main problems underlying the success of modern agriculture around the globe and is one of the most important environmental factors that aff ect the growth, development and production of crops (Hasanuzzaman et al., 2012; Hossain et al., 2012a) . In practice, it is very diffi cult for plant breeders to control the multiple environmental factors operating in a fi eld experiment (Babu et al., 2004) .
As far as the spring barley is concerned, it is possible to use also methods of minimum tillage. This approach is justifi ed above all by requirements of cereals that prefer slightly compacted soils and do not need its deeper tillage. The application of minimum tillage technologies is dependent above all on environmental conditions. The most suitable are usually medium soils with a higher degree of fertility in maize and sugar-beet producing regions. A reduction of the depth and intensity of tillage can be used also in drier regions with sandy soils, mainly due to a positive eff ect of minimum tillage technologies on the soil moisture regime (Zimolka et al., 2006) .
The introduction of minimum soil tillage technologies have infl uenced signifi cantly economic results of farms. The application of minimum tillage reduces costs of soil tillage and, thus, also unit costs of production. An indispensable presumption of this is that yields will remain unchanged and/or that the reduction of the income will be lower than the cost savings (Šarapatka et al., 2010) . The fertility is one of the most important properties of soil. This means that we should be considerate in this respect and take care not only about soil but also of all other natural resources. It is quite clear that we cannot only exploit soil; we must also tend for it, replace nutrients, use considerate soil tillage operations, and try to improve overall soil environment (Hůla et al., 2010, Köller and Linke, 2006; Hůla, Procházková et al., 2008; Procházková et al., 2011) .
MATERIAL AND METHODS
Eff ects of diff erent methods of tillage on yields of spring barley were studied within the framework of a long-term fi eld experiment performed within the period of 1990-2012. Experimental fi elds were situated in the Research Institute of Crop Production Praha-Ruzyně, on the land of Research Station in Ivanovice na Hané (Czech Republic). This experiment still continues.
Characteristics of Experimental Site
Research Station Ivanovice na Hané is situated in a sugar beet production region and its basic parameters are as follows: altitude 225 m a.s.l., loamy chernozem soil, depth of the humus horizon 0.40-0.50 m, neutral soil reaction, humus content 2.6%, content of available phosphorus and potassium is good.
Climatic Conditions of the Experimental Site
The municipality Ivanovice na Hané is situated in the warm and temperate dry climate subregion. The average annual temperature and the average annual sum of precipitation have been 9.0 °C and 554 mm, respectively.
Experimental Variants
Diff erent methods of soil tillage for spring barley were monitored within the framework of three diff erent crop rotations. In all three rotations spring barley was always grown a er sugar beet that followed within the framework of crop rotation either a er maize for silage, or winter wheat and or spring barley. 
Mineral Fertilization
The doses of mineral fertilizers were the same in all experimental variants: N -40; P -30; K -60 (in kg of pure nutrients per hectare).
Applied fertizers: Superphosphate (46%), ammonium-calcium nitrate (applied prior to sowing), potash salt (60%). 1989 -1996 -Rubín, 1997 -Akcent, 1998 -2007 -Kompakt, 2008 -2012 .
Spring Barley Varieties

Protection Against Weeds, Diseases and Pests
In the fi eld trial plant protection is performed in accordance with the methodology recommended by the Central Institute for Supervising and Testing in Agriculture and with regard to the current crop condition and degree of its infestation.
Establishment and Design of the Experiment
The design of this experiment was based on the method of strip plots with four replications. The area of experimental plots was 300 m 2 (6 × 50 m), the area of harvested parcels was 22 m 2 .
Statistical Processing
The statistical analysis of eff ects of diff erent methods of tillage on yields of spring barley was performed by means of variance analysis combined with Tukey's test using the so ware package STATISTICA, version 7.0.
RESULTS
Results of studies about eff ects of diff erent soil tillage variants on spring barley as recorded within the period 1990 to 2012 are presented in the following Tabs. I-IV and Figs. 1-4. Results from the year 2006 are not presented because the vegetation of spring barley was damaged due to the fact that the sum of precipitation in the period of ripening was too high. Spring barley was always sown a er sugar beet that followed within the framework of crop rotation either a er maize for silage, or winter wheat and/or spring barley. Four variants of tillage were evaluated: ploughing to the depth of 0.22 m; ploughing to the depth of 0.15 m; sowing into non-tilled soil; shallow loosening soil to the depth of 0.10 m. 
DISCUSSION
The aim of this study was to evaluate eff ects of diff erent methods of tillage on yields of spring barley grown on loamy chernozem soil in the sugar beet producing region (Ivanovice na Hané). Within the period of 1990-2012, four diff erent variants of tillage were evaluated.
Yields of spring barley were more infl uenced by its placement in the crop rotation. As mentioned above, spring barley was grown within the framework of three crop rotations. The eff ect of barley sequence in the crop rotations was statistically insignifi cant in all three cases. Similarly, statistically insignifi cant diff erences were found out also among all four variants of tillage. The highest average yield of grain (6.62 t·ha −1 ) was recorded within the crop rotation spring barley -sugar beet -spring barley. In the crop rotation winter wheat -sugar beetspring barley the average grain yield was a little lower (6.49 t·ha ) was recorded in the crop rotation maize for silage -sugar beet -spring barley.
As far as the whole experimental period was concerned, the highest average yield (9.65 t·ha ), when a higher intensity of soil tillage resulted in higher decline of yields.
Results of this long-term experiment indicate that in drier and warmer regions, a reduced intensity of tillage showed a positive eff ect on yields of spring barley cultivated a er sugar beet on fi elds with chernozem soil.
In the Czech Republic, long-term studies about application of minimum tillage technologies have been performed already since 1960s. The importance of the depth of tillage and its eff ects on crops and soil was evaluated in experiments performed within the period 1961-1967 on fi elds with the chernozem soil in the maize producing region. It was found out that in the majority of crops the yield response to the depth and intensity of tillage was inexpressive (Nováček, 1970) . Systems of tillage and crop establishment are an important component of cereal growing technologies. They infl uence the basic elements of yield, i.e. future conditions for yield formation and quality. In case of spring cereals, the possible compensation of mistakes done during the growth establishment by means of further agrotechnical interventions is very small and for that reason it is necessary to pay great attention to this problem because it is a basis of their future successful growing. As far as the spring barley is concerned, there is a wide spectrum available of possible technologies of tillage and crop establishment. The selection of working operations should be carried out with regard to existing site conditions, sequence of spring barley in the crop rotation (including the management of post-harvest residues of the forecrop), condition of soil a er the harvest of the forecrop, availability of machinery etc. (Zimolka et al., 2006) . Using methods of the minimum tillage, the volume of plant residues and biomass accumulate in the topsoil layer that is relatively thinner than in case of conventional soil tillage. It is possible that during their decomposition can be produced some substancies whose higher concentrations could have en inhibiting eff ects. This is possible in case that these residues are in high concentration either inside or in the close neighbourhood of the seedbed. If they are below it, they prevent the contact of seeds with the capillary system and this can cause problems associated with the lack of moisture (Richter and Hlušek, 2003) .
Yield response of individual crops on the depth and intensity of soil tillage, considerably dependents on pedo-climatic conditions. Due to a considerable variability of weather conditions in individual years and also possible cumulative eff ects of pedological processes it can be concluded that the evaluation of eff ects of diff erent methods of tillage gives more reliable results only when performed within the framework of long-term experiments (Procházková et al., 2004) .
Results of experiments performed on chernozem fi elds in maize and sugar beet producing regions in years 1989-1994 and 1989-2000, respectively, indicate that the application of methods of minimum tillage in case of spring barley is suitable and prospective (Procházková et al., 1998; Hrubý and Procházková, 2000) .
In an experiment performed in Scotland in years 1977-1978, there were no diff erences in yields of spring barley grown in systems with a diff erent intensity of tillage. This experiment was performed on plots with sandy-loamy soil (Pidgeon, 1980) . In a fi ve-year experiment performed in Norway, yields of spring barley and oats grown in a system of sowing into the non-tilled soil decreased while the degree of weed infestation increased as compared with the ploughed variant (Torresen et al., 1999) .
In experiments performed on fi elds with brown soil in the sugar beet producing region within the period of 1996-2000, Rotrekl et al. (2001) observed a positive yield response of the spring barley crop to a reduced intensity of tillage. Procházková and Míša (2004) present results of assessment eff ect diff erent soil tillage on yields spring barley. Results obtained in this study indicate that in maize and sugar beet producing regions it is possible to apply minimum technologies when growing spring barley not only a er sugar beet but also a er cereals. However, a proper treatment of post-harvest residues (that enables their quicker decomposition) becomes an important part of these measures.
SUMMARY
Eff ects of diff erent methods of tillage on spring barley yields were studied in a fi eld experiment established on a fi eld with fertile loamy chernozem in the sugar beet producing region in the Field Trial Station Ivanovice na Hané within the period of 1990-2012. The year 2006 was not involved into the evaluation of this experiment because the stand of spring barley was damaged by a too high sum of precipitation in the period of ripening and the subsequent sprouting of grain in the standing crop. Altogether four variants of tillage were evaluated: Variant 1 -ploughing to the depth of 0.22 m; Variant 2 -shallow ploughing to the depth of 0.15 m; Variant 3 -sowing into non-tilled soil; Variant 4 -shallow loosening soil to the depth of 0.10 m. The highest and the lowest average yields of grain spring barley were obtained in crop rotations spring barley -sugar beet -spring barley and maize for silage -sugar beet -spring barley, respectively. In the crop rotation maize for silage -sugar beet -spring barley, the highest and the lowest average yield of grain were obtained in Variant 2 (ploughing to the depth of 0.15 m) and Variant 1 (ploughing to the depth of 0.22 m), respectively. In the crop rotation winter wheat -sugar beet -spring barley the highest and the lowest average yield of grain were obtained also in Variant 2 (ploughing to the depth of 0.15 m) and Variant 1 (ploughing to the depth of 0.22 m), respectively. Finally, in the crop rotation spring barley -sugar beet -spring barley the highest and the lowest average yield of grain were obtained again in Variant 2 (ploughing to the depth of 0.15 m) and Variant 1 (ploughing to the depth of 0.22 m), respectively. As shown above, the highest average yields of grain were obtained in Variant 2 while the lowest ones were obtained in Variant 1. The obtained results indicate that under the given pedo-climatic conditions the reduction of tillage intensity for spring barley grown a er sugar beet represents a suitable alternative to the conventional method of tillage.
